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Aim: To evaluate the safety and efficacy of a new topical
cysteamine formulation, stable at room temperature, for
the treatment of corneal cystine crystals in cystinosis.
Methods: 20 study subjects were enrolled in the safety
study and 16 in the efficacy study. Both studies were ran-
domised and double blind. The primary outcome for the
safety study was the occurrence of predefined serious
adverse reactions over 6 months and for the efficacy study
the reduction of corneal cystine crystal score (CCCS) by
1.00 or more units on photographs graded by a reading
centre using a standardised protocol.
Results: No study subject developed any serious adverse
reactions. In the efficacy study, 47% of eyes receiving the
standard formulation experienced a reduction in the CCCS
of >1.00 after 1 year, while 7% of eyes on the new formu-
lation experienced such a decrease (p=0.04).
Conclusion: Although no serious adverse reactions were
observed with either formulation, the new formulation was
not as effective as the standard formulation.

Nephropathic cystinosis is an autosomal recessive
lysosomal storage disorder caused by deficiency of the
normal carrier mediated system that transports

cystine out of lysosomes.1–4 Cystine crystals accumulate in the
lysosomes of most cells and tissues. In the eye corneal cystine
crystals result in severe photophobia, blepharospasm, and
recurrent corneal erosions.5 6

The mainstay of treatment for cystinosis, oral cysteamine, if
begun early and provided diligently, stabilises glomerular
function, improves growth velocity, and obviates the require-
ment for thyroid hormone replacement.7–10 However, it does
not dissolve corneal crystals,11 most probably because of inad-
equate local cysteamine concentrations.

In single centre trials, topical cysteamine treatment has
been proved to efficiently dissolve corneal crystals and signifi-
cantly alleviate the symptoms of photophobia, blepharospasm
and eye pain that compromise the quality of life of cystinosis
study subjects.12–14 The drops may be used at room temperature
for up to 1 week. However, at room temperature, cysteamine
oxidises to its disulfide form, cystamine. A randomised,
controlled, double masked trial has eliminated cystamine as
an alternative to cysteamine.15

The objective of this study was to evaluate the safety and
efficacy of a new formulation, which retains cysteamine as a
free thiol in stable form for 7 months at room temperature and
up to 24 months under refrigeration.

METHODS
Study design
The study was designed as two prospective, double masked,
randomised trials. The safety study was conducted at the

National Eye Institute. The efficacy study was concurrently
conducted at the National Eye Institute, University of
Michigan School of Medicine and University of California, San
Diego, School of Medicine. The protocol was approved by all
participating centres’ institutional review boards.

Study subjects
Patients with cystinosis over 1 year of age, already receiving
the standard topical cysteamine formulation, were eligible for
the safety study. Exclusion criteria were a history of
non-compliance with eye drops or the follow up schedule. For
the efficacy study, patients with cystinosis 2–12 years of age
who had never received topical cysteamine and whose corneal
cystine crystal score (CCCS) was >1.00, were eligible.
Cystinosis was diagnosed by a leucocyte cystine content above
2.0 nmol half cystine/mg protein (normal <0.2 nmol half
cystine/mg protein) or the presence of corneal crystals in
combination with a typical clinical course. Written informed
consent was obtained from all study subjects or their parents.

Treatment
Study subjects were randomised to receive the new formula-
tion in one eye and the standard formulation in the other eye.
The standard cysteamine formulation was prepared by the
NIH Pharmaceutical Development Service under Investiga-
tional New Drug (IND) No 40593 and is a 0.55% (50 mM)
cysteamine hydrochloride solution with benzalkonium chlo-
ride 0.01%. The new formulation was obtained from
Sigma-Tau Pharmaceuticals, under an amendment to IND No
40593 and is a 0.55% cysteamine hydrochloride solution with
monosodium phosphate 1.85%, disodium EDTA 0.10%, and
benzalkonium chloride 0.01%. Bottles of each formulation
were labelled with a study subject number and right eye or left
eye according to the random treatment assignment to
maintain the treatment assignment masking of the study
subjects, the clinic staff, and the photograph graders. To
ensure masking, both medications were kept frozen, thawed
over several hours before instillation, and were ordered to be
given one drop in each eye, every waking hour. After thawing,
bottles were allowed to be kept at room temperature for 1
week, with new bottles thawed weekly.

Conduct of the study
Ophthalmic evaluations performed at baseline consisted of
best corrected visual acuity based on ETDRS charts or picture
optotype visual acuity cards, slit lamp biomicroscopy, and
photography by certified photographers following a standard
protocol. Photographs were graded centrally at the National
Eye Institute by two masked, independent graders, and were
assigned a “corneal cystine crystal score” (CCCS) ranging
from “0” (clarity at the centre) to “3.00” (greatest recognisable
crystal density) in 0.25 increments.14 If the graders disagreed,
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a third grader assessed the photograph. The median score was
used as the CCCS for that study subject.

Follow up ophthalmic examinations were performed at 6
months for the safety study subjects and every 3 months for 1
year for the efficacy study subjects. Study subjects were evalu-
ated for the presence of photophobia and blepharospasm with
the examination including best corrected visual acuity, slit
lamp biomicroscopy, and slit lamp photography with assign-
ment of a follow up CCCS by the masked graders.

The study subject or parent was asked to keep a daily calen-
dar recording each administration of study medication and
the study subject’s ocular status regarding side effects
(namely, changes in vision, blurring, redness, episodes of
acute corneal pain, other pain, irritation, itching) in each eye.
These calendars were compiled by the study coordinator to
assess compliance and adverse events after 1, 2, and 4 weeks,
then every 3 months thereafter until month 12. The study
coordinator scored compliance using one of “1” (poor,
<4/day), “2” (good, 4–8/day), or “3” (excellent, >8/day).
Average overall compliance was calculated based on these
seven assessments. Telephone contact with study subjects was
made 1 week, 2 weeks, and 1 month after initiation of study
therapy to verify possible adverse reactions.

Primary outcome definitions
For the safety study the primary outcome was serious adverse
reaction associated with the new formulation of cysteamine
compared to the standard formulation. These serious adverse
reactions included severe redness of 50% of the conjunctival
surface related to administration of eye drops that did not
blanch with 1:1000 topical epinephrine (adrenaline), persist-
ent pain interfering with activities of daily living, or decrease
in visual acuity from corneal damage greater than one line
(more than five letters) on the ETDRS chart. In addition, blur-
ring, redness, pain, irritation, and itching lasting more than 1
hour were evaluated in each eye and a comparison made
between the eyes receiving the standard formulation versus
the new formulation at 6 months.

For the efficacy study the proportion of study subjects with
a reduction in CCCS of 1.00 unit or more in the eye treated
with the new formulation and in the eye treated with the
standard formulation was calculated.

Statistical analysis
Results of this study were primarily categorical, yielding sev-
eral contingency tables. All results are analysed according to
the study subject’s original treatment assignment (intention
to treat). Several analysis techniques were used to test for sig-
nificance, including McNemar’s test for paired observations,
Fisher’s exact test for 2 × 2 tables, Wilcoxon signed rank and
Cochran-Mantel-Haenszel test statistics.

RESULTS
Baseline evaluation
A total of 20 subjects were enrolled in the safety study and 16
in the efficacy study between September 1998 and July 1999.
There were 13 (65%) males in the safety study and seven
(47%) males in the efficacy study. All study subjects (100%)
were white. Mean age at enrolment was 12.9 years (median
11.5 years, age range 5–27 years) in the safety and 6 years
(median 6 years, age range 2–11 years) in the efficacy study.
All eyes had a baseline CCCS of at least 1.25 in the efficacy
study. One study subject prematurely discontinued therapy
and did not return for follow up in each study.

Study outcome
None of the study subjects experienced any of the serious oph-
thalmic adverse reactions defined in the protocol and described
in the Methods section. Only one study subject in the safety
study lost more than one line of vision. This loss was attributed
to testing inconsistency. Table 1 lists the number of eyes that
experienced redness, itching, irritation, persistent pain, blur-
ring or burning for more than 1 hour as well as events lasting
less than 1 hour. There was no difference (p>0.5) between the
treatments in the number of eyes with adverse events persist-
ing longer than 1 hour. Stinging and burning sensations were
the most common short term reactions and were more
frequently reported in the eye treated with the new formula-
tion in both studies but the difference was significant only in
the safety study. Four of the safety and seven of the efficacy
study subjects reported systemic adverse events that were
thought to be unrelated to the study medications.

In the safety study a decrease of 1.0 or greater (improve-
ment) in CCCS after 6 months of therapy was observed for
none out of nine eyes (0%) with baseline CCCS of>1.0 on the
new formulation and three out of 10 eyes (30%) assigned to
the standard formulation. Table 2 summarises changes in
CCCS for all efficacy study subjects for the standard and the

Table 1 Ocular adverse events (combined safety and efficacy arms)

Standard formulation New formulation

Efficacy
(n=15)

Safety
(n=20)

Efficacy
(n=15)

Safety
(n=20)

Events persisting in excess of 1 hour
Redness 3 4 3 6
Itching 1 0 1 1
Irritation 1 0 1 2
Pain 0 0 0 0
Blurring 0 0 0 0
Burning 1 0 1 0
Discomfort 2 0 2 0
Severe pain 0 0 1 0

Total eyes with at least one event 4 (27%) 4 (20%) 4 (27%) 6 (30%)
Number of eyes with any event persisting less than 1 hour 7 (47%) 5 (25%) 10 (67%) 15 (75%)
Total eyes with at least one event of any duration 8 (53%) 6 (30%) 11 (73%) 15 (75%)

Table 2 Efficacy study at 1 year: corneal cystine
crystal score (CCCS) changes from baseline

Standard
formulation

New
formulation

>1 unit improvement* 7 (47%) 1 (7%)
<1 unit improvement 4 (27%) 2 (13%)
No change 3 (20%) 7 (47%)
<1 unit worsening 1 (7%) 5 (33%)
>1 unit worsening 0 (0%) 0 (0%)

Total 15 15

*p=0.04.
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new formulation. In the efficacy study seven of the eyes
receiving the standard formulation (47%) showed an improve-
ment of one unit or more in the CCCS at 1 year, compared to
one of the eyes (7%) receiving the new formulation (p=0.04
by Fisher’s exact test). Considering eyes as paired observa-
tions, one study subject showed a one unit or more
improvement in both eyes, while six study subjects improved
in only the eye receiving the standard formulation, and no
study subjects improved in only the eye receiving the new for-
mulation (p=0.031 by McNemar’s test for paired observa-
tions). Including study subjects with less than a one unit
change, a Cochran-Mantel-Haenszel statistic test indicates
that the means are significantly different (p=0.003). The
median change from baseline to 1 year in CCCS is –0.75 for the
standard formulation and 0.0 for the new formulation
(p=0.0005 Wilcoxon signed rank).

Compliance scores indicated good to excellent compliance
for 18 of the 19 safety study subjects and for all 15 efficacy
study subjects with follow up.

DISCUSSION
In the present study we tested the safety and efficacy of a new
formulation that retains cysteamine as a free thiol at room
temperature for approximately 7 months. The new formula-
tion does not appear to be as effective in dissolving cornea
crystals as the standard formulation. Figure 1 shows the base-
line and follow up CCCS for each eye of study subjects enrolled
in the efficacy study by age at enrolment and treatment over-
laid on the loess curve approximating the CCCS of a historic
control cohort previously published.14 After 12 months of
treatment, eyes receiving the standard formulation fall well
below the average CCCS score of untreated age matched
historic controls while eyes receiving the new formulation
have 12 month scores more similar to the untreated age
matched historic cohort.

Study subjects tolerated the standard formulation better
than the new formulation, and neither formulation resulted in
serious ophthalmic complications. Owing to the limited study
subject population the study was unable to recruit 30 subjects
and a sample size of 20 study subjects can not rule out event
rates as great as 16% even if no events are observed. Use of the
new formulation was associated with stinging and redness at

instillation more often than the standard cysteamine formu-
lation in people with prior experience using the standard for-
mulation. It is possible that the new eye drops were washed
out of the eyes due to tearing associated with the immediate
discomfort from the drop use, accounting for the decreased
efficacy. It is also possible that the new formulation does not
penetrate the corneal stroma as effectively as the standard
formulation, although a biological basis for this hypothesis is
not available.

The results from this study underscore the importance of
testing new treatments against the standard formulation,
even when such treatments have pharmacologically equival-
ent amounts or concentrations of the active ingredient.
Although the new formulation was not shown to be as effec-
tive as the standard formulation, this study represents the first
multicentre, randomised and masked clinical trial to demon-
strate that the standard formulation of cysteamine eye drops
reduces corneal cystine crystals in cystinosis study subjects.
Further work will be needed to develop an alternative
treatment for corneal cystine crystals that does not have
restrictive storage requirements.
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ECHO ................................................................................................................
Immne response to bacterial antigens indicates recurrent acute anterior
uveitis

AFinnish study has provided evidence that recurrent acute anterior uveitis (AAU) is linked with
raised antibody responses possibly related to repeated infections, persistence of bacterial antigens,
or a naturally heightened immune reactivity.

Most patients with AAU were positive for HLA-B27 (86% versus 9% controls) and 84% had recurrent
AAU. Spondyloarthropathy (SpA) was diagnosed for 25% of patients; 27% had eye complications in one
or both eyes.

Serum antibodies to a range of bacteria associated with SpAs did not differ significantly in their pres-
ence or titres between patients and controls. However, recurrent AAU (<10/>10 recurrences) was the
only variable associated with positive responses against one or several bacteria. No persistence of bacte-
rial antigens could be shown in peripheral blood mononuclear cells, but Chlamydia pneumoniae DNA was
found in an antibody negative patient.

Sixty four patients with AAU first examined between 1993 and 1996 and then in September-December
1999 and 64 age and sex matched healthy controls were compared for serum antibodies to a range of
bacteria by ELISA (Salmonella, Yersinia spp, Klebsiella pneumoniae, Proteus mirabilis, Campylobacter jejuni, and
Borrelia burgdorferi) or microimmunofluorescence (Clamydia spp). Salmonella and yersinia antigens were
looked for by immunofluorescence of purified blood mononuclear cells and C pneumoniae DNA by PCR.

AAU occurs in SpA but its cause is unknown. It seems to be associated with HLA-B27 and infections.
In many ways its characteristics mirror those of reactive arthritis, but whether bacterial antigens persist
in AAU, as they do in reactive arthritis, was not known.
m Annals of the Rheumatic Diseases 2002;61:1012–1016.
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